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The  research  reported  herein  was  supported  by  the 
Advanced  Research  Projects  Agency  through  the  Office 
of  Naval  Research,  Power  Branch,  Code  429,  with  Mr. 
Richard  L.  Hanson  as  Scientific  Officer.  This  re¬ 
port  was  prepared  in  compliance  with  Section  H  of 
Xonr  4428(00)  under  ARPA  Order  No.  23,  and  covers 
the  period  29  May  1965  through  28  May  1966.  This 
work  was  carried  out  in  the  Synthetic  Chemistry 
Group  with  Dr.  P.  Pilipovich,  Principal  Scientist 
of  the  Fluorine  Chemistry  Unit,  as  the  Responsible 
Scientist.  Full-time  associates  connected  with  the 
technical  effort  were  Dr.  H.  F.  Bauer,  Dr.  C.  J. 
Schack,  and  Dr.  C.  B.  Lindahl. 
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Oxychlorine  trifluoride  (C]F  0)  has  been  synthesized  by  sev¬ 
eral  methods.  Excellent  yields  were  obtained  by  the  fluorina- 
tiou  of  either  Clo0  or  CINO^,  both  alone  or  in  the  presence  of 
an  alkali  metal  fluoride.  Lesser  amounts  of  C1F  0  resulted 
from  electric  discharge  fluonnation  of  solid  Cl^O  and  the  sim¬ 
ple  fluorination  of  NaClO^,  and  of  a  mercury  salt'Cl^O  complex. 


Basic  physical  properties  and  analytical  data  for  ClF^O  were 
determined.  The  cottipound  has  a  boiling  point  of  29.4  ±1.0  C 
and  a  melting  point  of  -66  ±].C  C  with  a  density  of  1.90  ±0.05 
g/cc  at  25.5  C.  The  vapor  pressure/temperature  equation  from 
-22  to  32  C  is  described  by  logjQ  p(mm)  =  8.433  -  16S0/T.  In 
addition,  CIF^O  showed  good  thermal  stability  in  Monel. 

Unlike  other  pentavalent  chlorine  fluorides,  CIF^O  exhibits 

marked  complexing  ability  with  both  acidic  and  basic  fluorides. 

Among  the  latter,  complexes  with  CsF,  KF,  FNO,  and  FN0()  were 

investigated.  Acid  fluorides  studied  included  AsF_,  BF^, 

PF_,  and  SiF.  . 

3  4 


On  several  occasions,  pyrolysis  of  the  solids  from  fluorina¬ 
tion  of  the  CsF-Cl.,0  complex  yielded  traces  of  an  unknown 
species  (Compound  C)  which  may  be  FC10.  Alternate  syntheses 
were  sought  to  achieve  enhanced  yields  of  Compound  C.  These 
included  metathetical  displacements  on  the  unpyrolyzed  solids 
using  ClFj,  and  fluorination  of  the  CsF*Clo0  complex  under 
milder  conditions.  Thermal  degradation  and  chemical  reduction 
of  CIF^O  were  also  checked  as  potential  routes  to  Compound  C. 
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Alkali  metal  fluorides  were  found  to  complex  with  C1Q0.  Those 
represent  a  new  class  of  compounds.  The  most  thorough  investi¬ 
gation  was  with  CsF  where  a  stoichiometry  of  CsF-l.pCl^O  was 
established.  Possible  bonding  schemes  are  discussed. 


The  preparation  of  C1F_0  was  attempted  by  reaction  of  F^  with 
ClFjO  in  the  presence  and  absence  of  CsF  and  also  by  reaction 
of  KrFg  with  CIF^O.  No  new  compounds  were  observed. 


A  new  procedure  was  developed  for  the  synthesis  of  Cl^O.  This 
method  use9  simple,  static  conditions  rather  than  flow  condi¬ 
tions.  Maximum  conversion  of  the  starting  materials  results 
according  to  the  equation: 


2C12  -r  UgO  - ►  C120  +  HgCl2 

Improved  techniques  were  developed  for  the  formation  of  BrN'O^. 
Bromine  nitrate  and  Br2Q  were  employed  as  precursors  in 
attempts  to  produce  oxybromine  fluorides. 

The  reaction  of  C1„0  and  AsF_  was  examined  and  fuund  not  to 

2  3 

proceed  as  indicated  in  the  literature.  Oxidation  and  reduc¬ 
tion  of  the  C120  occurs  giving  Cl0  and  probably  C.l0o  AsFg  . 

(Confidential  Abstract) 
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DISCUSSION 


F LOR OX*  STUDIES 

The  preliminary  characterization  of  Florox  has  been  completed  and  entailed 
the  determination  of  the  chemical  composition,  some  spectral  data,  several 
physical  properties,  thermal  stability  and  some  chemical  attributes.  In 
addition,  its  synthesis  from  several  starting  materials  was  uncovered. 


Preparation  of  Florox 

Synthesis  fromCl20.  Oxychlorine  trifluoride  was  first  synthesized  by 
fluorination  of  Clo0  (Rei  .  l)  both  in  the  presence  and  absence  of  added 
alkali  metal  fluoride.  The  results  of  additional  preparative  runs  are 
presented  in  Table  1.  (A  complete  description  is  found  in  the  Experimental 
Details  of  this  report.) 


TABLE  1 

SYNTHES  TS  OF  FLOROX 


Alkali  Metal  Fluori  ‘e 

Percent  1'ield 

Sirle  Products 

GsF 

82 

fcio2,  cif3 

RbF 

2  25 

FC10.,,  CIF^ 

KF 

45,  29 

FC1C  ,  C 1 F_ ,  C IF 

2  j> 

XaF 

73,  81 

FCl0o,  C1F 

None 

39,  63 

FC102,  C1F,  C11'3 

^Unclassified  designation  for  CIF^O. 
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Tile  variation  in  yields  caused  by  different  added  alkali  metal  fluorides 
13  not  necessarily  .significant  because  of  the  difference  in  yields  in 
apparently  identical  preparations  (particularly  during  C.sF  experiments 
where  the  most  data  have  been  gained). 


Fluor ination  of  Chlorine  Nitrate.  After  Clo0,  the  best  characterized  X0C1 
compound  is  chlorine  nitrate  (CION'O^).  Preparation  of  C-lMO^  is  accomplished 
by  reaction  of  Clo0  with  either  N'  0^  or  ^2^'  2).  Low-temperature 

fluor illations  were  conducted  on  both  the  cesium  fluoride-chlorine  nitrate 
complex  and  on  uncomplexed  chlorine  nitrate. 

O11  exposure  of  chlorine  nitrate  to  cesium  fluoride  at  -80  C,  a  slow  lowering 
of  the  vapor  pressure  was  observed  indicating  some  complex  formation.  The 
reaction  was  reversible  because  chlorine  nitrate  could  be  removed  by  warming 
and  pumping.  The  CsF-ClNO^  complex  was  treated  with  excess  fluorine  at 
-80  C  for  several  days. 

After  removal  of  the  excess  Ft)  at  -196  C,  the  products  volatile  at  ambient 
temperature  were  principally  FN0,;  and  some  FC10r)  with  one  case  of  HN0_  and 

N„0_  contamination.  No  further  volatiles  were  evolved  even  after  4  weeks. 

-  J 

Jlocau.se  not  all  of  the  starting  material  was  accounted  for,  the  residues 
were  heated  to  drive  off  any  complexcd  C1F  compoiuids ,  in  a  manner  analogous 
to  that  used  for  obtaining  pure  C1F_  from  KF-KC1F^  (llcf.  3)-  Colorless 
gases  were  evolved  and  these  wore  found  to  be  composed  principally  of  ClF_0. 
M.ucli  smaller  amounts  of  FN0() ,  FC10Q,  and  ClF^  were  also  obtained.  The  yield 
of  C1F-0  based  on  chlorine  nitrate,  ranged  from  36  to  95~  percent  except  in 
one  reaction  wherein  previously  used  CsF  was  employed  and  no  C1F..0  was  found. 
Complexing  of  C1N0_  with  CsF  at  -18  C  prior  to  a  -80  C  fluorination  was 
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also  tried  successfully.  In  high-yield  reactions,  nitryl  fluoride  was  the 
only  by-product,  thus  confirming  the  postulated  reaction  sequence: 

C lQN0o  r  CsF  —  t0  ~1B  —  -to  CsF'C10N'02 

CsF  ClOKO.  +  2Fn  - - to  Cs  ClF.  0  T  FXO. 

2  2  u  2 

Cs  ClF.  0  - - to  C1F_0  +  CsF 

4  3 

It  is  also  noteworthy  that  the  CIXO^  employed  in  the  highest  yield  reaction 
was  contaminated  with  XO^.  The  N02  impurity  had  no  detrimental  effect  other 
than  to  consume  fluorine  in  being  converted  to  FXOg. 

It  was  also  of  interest  to  utilize  chlorine  nitrate  as  an  intermediate  for 
the  preparation  of  FC10.  Accordingly,  a  reaction  was  attempted  using  uncom- 
plexed  CINO^  and  at  -30  C.  After  several  days  it  was  found  that  Florox 
was  formed  in  84-percent  yield: 

C10X02  r  2F2  - ►  cif3o  +  fxo2 

Thus,  while  no  FC10  was  obtained,  it  has  been  demonstrated  that  the  use  of 
CsF  is  not  essential  for  the  formation  of  CIF^O  and  two  steps  of  the  previous 
reaction  sequence,  complexing  and  pyrolysis,  to  liberate  C1F-0,  were  elimi¬ 
nated.  The  necessity  of  alkali  metal  fluoride  catalysis  in  the  C1_0  fluori- 
“  «  o 

nation  has  also  been  disproved  as  shown  in  Table  1.  However  in  both  these 
preparations  of  CIF^O,  the  possible  catalytic  effect  of  "bomb  fluorides"  has 
not  as  yet  been  excluded. 
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Fluor iuation  of  Mercury  Salt'C^O  Complex.  The  .synthesis  of  CIF^O  from 
ClnO  generally  requires  the  separation  of  pure  ClrlO  prior  to  fluorination 

£  <4 

and  in  this  state  Cl^O  has  on  two  occasions  exploded.  A  possible  alter¬ 
nate  procedure  to  bypass  this  step  was  attempted.  The  static”  method  of 
preparing  Clr)0  indicated  the  formation  of  a  complex  between  the  Clr>0  and 
the  residual  mercury  salts.  A  decrease  in  the  vapor  pressure  of  ClgO  was 
observed  as  well  ns  incomplete  Clo0  removal  from  the  salts  at  -80  0 ,  Pro¬ 
ceeding  by  broad  analogy  with  the  CsF-Clr>0  complex  (discussed  elsewhere  in 
this  report) ,  the  preparation  of  CIF^O  or  other  new  F-Cl-0  species  was 
attempted  by  fluorination. 

HgCl„-Clo0  -  F0  - -*■  ClFjO  -  CIF^ 

It  lias  been  found  that  this  fluorination  gives  CIF^O  in  poor  yields.  The 
principal  products  are  CIF^  and  FCl0o  with  some  C1F_  and  occasionally  some 
of  the  suspected  F’CIO.  In  addition,  the  formation  of  CIF^O  was  not  repro¬ 
ducible,  Early  during  these  experiments  it  was  suspected  that  moisture 
originally  present  in  the  llgO  might  have  had  a  deleterious  effect  on  tile 
desired  reaction.  However,  vacuum  drying  of  the  HgO  before  chlorination 
and  fluorination  did  not  change  the  results  other  than  to  eliminate  11F  as 
a  product. 


Electric  Discharge  Fluorination  of  Solid  CloO.  Early  during  this  program 

(Kef.  1),  the  use  of  electric-discharge-activatod  fluorine  was  attempted 

in  reactions  with  solid  Cl^O  at  -196  C  to  synthesize  CIF^O.  At  that  time 

it  was  observed  that  some  C1F_  was  found  but  no  C1F„0,  This  reaction  was 

0  3 

re-examined  using  recirculated  fluorine  in  a  closed-loop  system  at  low 
pressures  rather  than  the  simple  flow  through  method.  As  expected,  a  much 
more  efficient  fluorination  was  achieved.  The  yxeld  of  C1F„  was  approxi¬ 
mately  4p  percent  (based  on  2ClF_  for  each  Cl  0).  In  addition,  small  quan 
tities  of  CIF^O  were  found  along  with  some  ClF^  and  much  FC10o. 
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Therefore,  with  the  incorporation  of  this  improved  teelinique,  the  general 
utility  of  the  electric  discharge  fluor inaiiuu  process  has  been  improved 
and  made  much  more  efficient.  Also,  it  is  expected  that  this  activated 
gas  solid  reaction  method  might  now  be  employed  to  demonstrate  the  synthe¬ 
sis  of  other  highly  fluorinated  species,  in  particular  C1F.0. 

C1F.0  -  F  *  - ~196.9— »  C1F.0 

3  2  3 

Fluorination  of  Sodium  Chlorite,  In  an  attempt  to  synthesize  oxychlorine 
fluorides,  the  static  fluorination  of  sodium  chlorite  (NaClOg)  has  been 
studied,  Although  preliminary  experiments  gave  as  products  small  amounts 
of  CIF^O  and  Compound  C  subsequent  runs  gave  neither  of  these  products. 
Other  products  from  the  fluorination  are  C 1 0 ,  C1F,  CIF^,  FC10o,  and  0^. 
Oxygen,  C 1 ^ ,  and  FCIO^  are  the  principal  products  suggesting  the  following 
two  reactions: 

NaClOg  +  F2  - w  N'aF  -  FCl0o 

2XaC102  -  F2 - +>  2NaF  -  Cl2  -  2  09 

The  fluorination  is  vigorously  exothermic  both  with  liquid  fluorine  at 
-196  C  and  with  gase  ius  fluorine  ut  -78  C,  accounting  for  the  variety  of 
products  and  the  reduction  of  chlorite  to  chlorine  despite  a  strongly 
oxidizing  fluorine  atmosphere  Because  of  the  original  synthesis  of 
C1F,0  and  Compound  C  by  fluorination  of  N'aC109,  the  fluorination  of  potas- 
sium  perchlorate  (KCIO^)  have  been  studied.  In  both  cases,  FClO^  and  FC10 
were  formed  instead  of  the  desired  products. 
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Physical  Properties 


Preliminary  physical  characteristics  of  CIF^O  were  reported  previously 
(Ref.  l).  Current  data  arc  shown  in  Table  2. 


TABLE  2 


PRELIMINARY  ffiOPERTIES  OF  ClF^O 


Melting  Point ,  C 
Boiling  Point,  C 
Molecular  Weight 

Found  (Vapor  Density) 
Calculated 

Vapor  Pressure  Equation 
Molar  Heat  of  Vaporization,  kcal 
Trouton  Constant 
Density,  g/cc  at  25.5  C 


-66  ±1.0 

29.4  -1.0 

105 

108.5 

log10p(mm)  =  8.433-1680/T 
7-7 

25.4 

1.90  ±0.05 


Vapor  Pressure/Temperature  Relation.  The  vapor  pressure/temperature  equa¬ 
tion  of  ovychlorine  trifluoride  was  determined  from  -22  to  32  C  at  nine 
temperatures.  A  least-squares  fit  yielded  the  equation  log^  p(mm)  = 

8.433  -  1680  T.  The  normal  boiling  point  of  29.4  C,  the  heat  of  vapori¬ 
zation  of  7-7  kcal  mole  and  the  high  trouton  constant  indicate  a  fairly 
associated  liquid. 


Density  Measurements.  The  density  of  oxychlorine  trifluoride  was  deter¬ 
mined  in  two  ways  using  a  Kel-F  pycnometer.  A  known  volume  of  liquid  was 
weighed  and  gave  densities  of  1.89  and  1,91  g/cc  at  25.5  -1.0  C.  The 
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quantity  of  gas  from  a  1  nown  liquid  volume  was  determined  and  converted 
to  CIF^O  weight ,  using  108.5  as  the  molecular  weight.  This  weight,  cor¬ 
responded  to  a  liquid  density  of'  1.95  g  ec  at  115  C  and  2.00  g  cc  at  18  C. 
The  direct  method  not  only  gave  more  reproducible  data  than  the  gas  vol¬ 
ume  method  hut  allowed  calculation  of  the  sample  purity  by  molecular 
weight  as  well  (lOp  vs  108,5  theory).  Insufficient  data  were  obtained  to 
establish  u  quantitative  dependence  of  density  on  temperature. 


Thermal  Stability  of  Oxyehlorine  Triflueride.  Samples  of  ClF^O  were 
heated  in  stainless  steel  and  Monel  for  periods  of  16  hours.  Cesium 
fluoride  was  added  to  the  stainless-steel  cylinders.  The  runs  in  Monel 
were  carried  out  in  the  presence  arid  absence  of  fluorine.  The  data  pre¬ 
sented  in  Table  3  show  the  percent  of  CII^O  recovered. 

TABLE  3 


THERMAL  STABILITY  OF  C1F  0 


Container 

Duration , 
hour-o 

Temperature , 

C 

Other  Material 
Present 

Recovery  of 

cif5o 

percent 

Stainless  Steel 
(five  runs) 

lb 

200 

CsF 

0 

Monel 

lb 

70 

F2 

41 

Monel 

lb 

10U 

ra 

87 

Mone  1 

lb 

200 

F2 

b3 

Mone  1 

lb 

200 

1'., 

66 

Monel 

lb 

284 

Fo 

70 

Mone  1 

lb 

200 

None 

63 

Monel 

— .  — - —  -  ■  - 

16 

200 

None 
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The  absence  of  monotonic  results  indicates  reaction  with  the  container  to 
be  more  important  than  thermal  degradation.  There  was  no  evidence  for 
equilibrium  reactions  involving  CIF^O. 


Elemental  Analysis  of  Oxychlorine  Trif luoridc 


The  combustion  of  CIF^O  and  anhydrous  ammonia  in  glass  gave  nonrepr oducible 
results.  Metal  Teflon  reactors  were  more  successful  and  the  following  ana¬ 
lytical  results  were  obtained:  Calculated  for  CIF^O:  Cl,  32.7  percent; 

F,  52.3  percent;  found:  Cl,  30-8  percent;  F,  49.5  percent.  The  low  results 
were  attributed  to  88-  and  9^-percent  material  recovery  based  on  initial 
CIF^O  gas  volumes.  The  fluorine-to  chlorine  ratios  for  the  recovered  mate¬ 
rial  were  2.97  and  2  99,  respectively. 


The  determination  of  oxygen  in  C1F.0  was  attempted  directly  by  the  reaction: 
4Hg  +  2C1F_0  =  UgClQ  t  3UgF0  -r  0o 

J  fc.  *-  fc. 

Incomplete  oxygen  release  was  observed  so  an  indirect  method  was  tried  using 
sodium  chloride: 


2ClF_jO  -r  b.NaCl  =  6XaF  -  0o  -r  4C10 
>  * *  *■" 

Although  the  theoretical  ratio  of  chlorine  to  oxygen  was  four,  ratios  from 
two  to  eight  were  obtained  by  gas/liquid  chromatography.  More  satisfactory 
results  were  obtained  when  NaCl  was  reacted  at  200  C  and  the  oxygen  volume 
was  obtained  by  pumping  the  oxygen  gas  at  -196  C  with  a  Toepler  pump.  The 
following  analytical  results  were  obtained:  calculated  for  CIF^O:  0, 

14.7  percent;  found:  0,  12.3  percent. 
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Another  method  of  chlorine  and  oxygen  analysis  became  available  when  it 
was  observed  that  oxychlorinc  trifluorid«  reacts  with  the  inside  .surface 
of  ii  stainless-steel  cylinder  at  200  C  to  give  a  gas  mixture  containing 
only  chlorine  and  oxygen: 


200  C 

2C1F  0  +  nM  - 

^  16  hours 


Cl,,  -  0„ 


nMF 


6/n 


During  four  runs ,  CIF^O  was  heated  to  200  C  in  the  presence  of  CsF  for  a 
minimum  of  16  hours.  The  condensible  gas  was  measured  and  compared  to 
the  amount  of  reacted  ClF^O  on  a  molar  basis. 

The  following  analytical  results  were  obtained:  calculated  for  Cl^/CIF^O: 
0.50;  found:  0.50,  0.59,  0.48,  and  0.49. 


Tho  nature  of  the  reaction  was  confirmed  by  mass  spectrometri c  analysis  of 
the  volatile  products  of  a  fifth  reaction;  Cl^ ,  59.9  mole  percent;  0o, 
40.1  mole  percent.  The  relatively  low  oxygen  content  was  not  unexpected 
because  of  the  possibility  of  oxide  formation  from  C1F_0  at  200  C. 

In  summary,  it  has  been  shown  that  C1F_0  is  monomeric  in  tue  vapor  phase 
while  somewhat  associated  as  a  liquid.  The  molecule  has  been  demonstrated 
to  have  a  fluorine/ chlorine  ratio  of  three  and  a  chlorine  oxygen  ratio  of 
one  and  only  one  chlorine  per  molecule.  Together  these  and  ocher  physico¬ 
chemical  data  presented  herein  establish  the  material  as  ClF„0. 
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Stability  of  Florox  in  Hydrogen  Fluoride 


At  least  two  instances  of  nonexplosive  decomposition  of  ClF^O  have  occurred 
at  Itoeketdyno  in  loading  stainless-steel  lines  which,  except  for  possible 
111'  contamination,  were  considered  passive  to  CIF^O.  Therefore,  the  possi¬ 
bility  of  hydrogen  fluoride  catalyzed  decomposition  or  reaction  with  the 
metal  was  examined  by  adding  substantially  anhydrous  ILF  to  ClF^O  in  stain¬ 
less  steel  and  in  Kel-F  containers.  No  loss  of  CIF^O  was  observed  by  in¬ 
frared  analysis  in  the  gus  phase  ,  no  other  compounds  being  observed  besides 
the  CIF^O  and  HF  even  with  a  tenfold  excess  of  HF  at  room  temperature,  Con¬ 
sequently,  CIF^O  is  stable  in  ILF  and  the  observed  decompositions  have  been 
attributed  to  nonpassive  line  connections, 


The  Amphoteric  Behavior  of  Oxychlorine  Trifluoride 

Oxychlorine  trifluoride  has  been  found  to  complex  with  both  acidic  fluo¬ 
rides  and  basic  fluorides.  It  is  markedly  different  in  this  regard  from 
the  other  two  pontavnlcnt  chlorine  fluorides,  FCIO^  and  C1F_,  which  appear 
to  have  little  if  any  affinity  for  cesium  fluoride  (Ref.  4  and  3) ,  although 

workers  at  Peimsult  (lief.  3  and  6)  report  FC10„  and  ClF_  complexes  with  the 

D 

less  basic  fluoride,  FNO,,. 


Reaction  with  Fluoride  Dases.  The  acidic  behavior  of  oxychlorine  trifluo- 
ride  lias  been  demonstrated  by  its  complex  formation  with  CsF,  KF,  FN'O,  and 
FN0o.  Tiie  CIF^O-FNO  complex  has  been  investigated  by  low-temperature  in¬ 
frared,  n.m.r  ,  and  vapor  pressure-temperature  studies.  The  ClF^0-FN0o 
system  showed  a  definite  reduction  in  vapor  pressure  but  lias  not  been 
studied  quantitatively.  The  evidence  obtained  from  n  low-temperature 
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infrared  invest  mat  ion  of  the  FNU-C  IF,  ij  .solid  complex  presented  in 

3  ' 
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INTI  LAI  1F.D  ABSORPTIONS  IN  THU  FN0-C1F  0  SVfSTFM 


Temperature , 

C 

Vihrati on 

-1 

,  cm 

Sampl e 

GIF 

CIO 

NO 

NF 

cif3o 

Ambient 

67'. 

1223 

— 

— 

FN0 

Ambient 

— 

: ;  ■  ”0 

763 

ClF^O-fNO 

Ajnbient 

670 

1225 

1830 

763 

CIF^O 

-1% 

683 

1230 

— 

FN0 

-19b 

— 

loqo 

O 

* 

FNO-C 1 F30 

-196 

Broad 

1230 

2010 

0 

The  CIF-O-FNO  complex  was  formed  by  M.ling  si  slight  excess  of  I'M)  to  GIF 
cycling  the  mixture  between  -80  and  0  C,  arid  removing  excess  FNQ  by  suc¬ 
cessive  expansions  i't  -80  C.  A  vapor  pressure-  temperature  curve  was  ob¬ 
tained  l'or  the  complex  from  -80  to  0  C;  log^^p(n:mj  ■  8 .  Jj7- i(>l»5/ T .  From 
tlie  above  equation  and  the  heats  of  vaporization  of  the  separate  liquid 
constituents  a  heat  of  reaction  between  FN:0(l)  and  CLF  0(l)  was  calcul¬ 
ated  as  approximately  -3  kcal  mole  of  complex .  This  low  negat ive  cntlia] 
py  of  reaction  suggested  a  weak  complex  m  agreement  with  the  infrared 
data  of  the  solid  complex.  After  i.ho  complex  was  pumped  on  at  -80  C  for 
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1  hour,  un  infrared  examination  of  its  volatile  components  suggested  a 
1:2  complex  FXO • 2C 1 F _ 0 .  However,  prolonged  pumping  at  -80  C  resulted  in 
the  loss  of  additional  1X0 . 


The  stretcliing  frequencies  for  NO  and  CIO  in  solid  FXO  and  solid  ClF^O, 
respectively,  each  increased  compared  to  the  frequencies  observed  in  their 
gas-phase  spectra,  This  suggested  that  contributions  from  species  sucli  as 
X0~F-  were  increased  slightly.  On  formation  of  the  solid  complex,  the  CIO 
frequency  was  decreased  and  broadened.  These  observations  suggested  a 
partial  transfer  of  the  fluoride  of  FNO  to  ClF^O  thus  increasing  the  NO 
bond  order  while  reducing  that  of  the  CIO  bond.  The  X-F  band  in  the  solid 
was  either  past  the  i.  trument  range  of  15.0  microns  or  too  weak  to  be 
observed. 


The  F  ;  n.rj.r.  of  the  FN'O-CII'^O  system  at  20  C  and  at  -77  0  showed  only  o 
single  broad  line  40  ppm  downfield  from  CIF^O  itself.  Addition  of  a  fluo¬ 
ride  to  C’F  0  would  he  expected  to  shift  the  resonance  to  higher  fields 
because  of  increased  shielding  in  CIF^O  .  The  observed  result,  while  not 
inconsistent  with  a  contribution  from  C1F^0~,  shows  that  exchange  between 
the  NF  and  ClF  fluorines  prevents  a  meaningful  interpretation. 


Evolution  of  CIF^O  from  CsF-containing  solids  was  achieved  by  pyrolysis 
and  suggested  the  presence  of  the  salt  Cs  C1F;^0  .  The  complex  CsF  ClF^O 
m  iv  be  formulated  as  Cs  CIF^O  by  virtue  of  its  relative  thermal  stability 
and  analogy  with  other  alkali  metal  f luor ide  =  im,erbalogen  fluoride  salts 
(Kef.  7).  This  salt  represents  the  first  example  of  a  stable  pentavalent 
fluorinated  chlorocentro  auion.  While  the  formation  of  the  CsFClF^O  com¬ 
plex  in  situ  was  established  during  the  course  of  the  reaction  of  ClXO^, 
it  was  not  known  whether  it  could  be  prepared  directly  from  CIF^O  and  CsF. 
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Exposure  of  ClF.,0  to  fused  and  freshly  powdered  CsF  at  ambient  temperature 
overnight  resulted  in  almost  complete  complexing  ClF^l)  with  only  small 
amounts  remaining  in  the  gns  phase.  Pyrolysis  of  the  solids  led  to  evolu¬ 
tion  of  CIF^O  of  good  purity,  demonstrating  the  reversible  reaction; 


CIF^O 


CsF 


j~  ' - ^  Cs~ClF,  O’ 

A  4 


The  stoichiometry  of  the  complex  was  indicated  by  an  experiment  using  cure- 
fully  measured  amounts  of  CsF  and  CIF^O.  With  an  excess  of  the  latter,  an 
experimental  composition  CsF^  j.'CIF^O  was  obtained.  This  composition  is 
reasonable  close  to  a  1;  1  complex,  especially  considering  the  problem  of 
solid/liquid  contact. 

Further  studies  of  the  CsClF^O  complex  showed  that  C1F..0  could  be  displaced 
from  the  complex  by  using  another  acid.  Addition  of  ClF^  to  CsClF^O  at 
ambient  temperature  liberated  CIF^O  according  to  the  equation: 


ClF^(g)  -r  Cs+ClF^O~(s)  - - -*•  Cs~C1F5~(s)  +  ("lF^O 


4= 


I 

If 


This  confirms  ClF^  to  be  a  stronger  Lewis  acid  than  CIF^O  toward  CsF. 


a 


Reaction  With  Lewis  Acids.  The  ability  cf  oxyehlorine  uu fluoride  to  Com 

complexes  with  acidic  fluoride  has  been  demonstrated  wit1-  AsF_,  BF, ,  PF_ ,  and 

J  3  1 

SiF^.  A  nonvolatile  equimolar  adduct  was  formed  with  •  1 _ .  Tile  EF  complex 

of  C1F_0  was  formed  as  a  1:1  complex  with  C1F_0  which  had  less  than  20  mm  Hg 
l  ) 

dissociation  pressure  at  ambient  temperature.  The  solid  dissociated  in  the 
gas  phase  and  the  spectrum  of  the  gases  matched  the  spectrum  of  equal  amounts 
of  the  separate  components.  The  low-temperature  infrared  spectrum  of  the 
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GIF, O'PF.  solid  complex  showed  a  broad  absorption  in  the  I Ty  region  in 
3  5  o  _i 

addition  to  bands  attributed  to  FFr.  Two  strong  absorptions  at  — 1 315  cm 

-1  5  *  ,  * 
and  ~14b5  cm  suggested  ttie  existence  of  CIO^  and  ClF’,,0  arising  from 

FC 10,,,  a  known  impurity,  and  GIF  0,  respectively.  The  CIO  absirptions 

^  ^  l 

for  solid  FC10r)  and  C1F..0  occur  at  1280  and  1250  cm  ,  respectively  and 
should  shift  to  higher  energy  with  fluoride  removal.  However,  assignments 
of  bands  to  ClFo0^FTN  are  not  possible  with  the  available  data.  A  less 
stable  complex  was  formed  when  CIF^O  and  SiF^  were  mixed.  The  vapor  pres¬ 
sure  of  the  2:1  ClF^O-SiF^  mixture  was  measured  at  several  temperatures 
between  -80  and  14  C.  The  vapor  pressure-temperature  equation  for  the 
complex  was  obtained:  log10p(mm)  =  7.75  -  1545/T .  The  enthalpy  change 
associated  with  the  process  SiF^(s)  -  2ClF^0(l)  =  SiF^ • 2ClF^0(s)  was  esti¬ 
mated  at  -2  kcal/mole  of  complex.  Successive  portions  of  the  complex  were 
volatilized  at  -23  C,  Their  inf rai ed  spectra  showed  a  constant  ratio  of 

ClF  0  to  Sif,  of  1.9  based  on  their  absorbance  ratio.  A  low-temperature 
3  •* 

infrared  spectrum  of  the  solid  complex  SiF^^ClF^O  was  identical  with  the 
composite  spectrum  derived  from  the  separate  solids  within  experimental 
error.  Thus , conf irmatory  infrared  evidence  on  tiie  nature  of  the  complex 
was  not  obtained. 


POSSIBLE  SYNTHESES  OF  C1IL0R0SYT  FLUORIDE 

Pyrolysis  of  the  nonvolatile  solid  formed  by  low-temperature  fluorination 
of  the  Clo0~CsF  complex  has,  on  at  least  three  occasions,  yielded  CIF^O, 

ClF  and  traces  of  an  unknown  species  (Compound  C).  Compound  C  is  volatile, 
being  only  partially  trapped  at  -142  and  -l6C  C  in  attemrped  purification 
by  fractional  condensation.  Iwo  bands  in  the  rock  salt  region  were  ob¬ 
served  and  are  indicated  in  Fig.  1.  Additional  bands  were  noted  at  645, 
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(>30,  MO  (  o  possible  'ujr) .  find  possibly  at  -’i63  cm  .  This  unknown  may  be 
r.  now  !',  Cl.  0  (  otr>|)Ciui(l  and  spot  1  f  ioal  ly  may  be  IT  1 0 .  Moss  spent  rometr  ic 
examine t ion  of  a  sample  containing  the  unknown  yielded  no  structural 
in  forma i  ion. 


Because  only  i races  of  the  new  moterial  were  found  in  the  pyrolysis,  sev¬ 
eral  now  approaches  have  been  utilized  in  the  search  for  FC10  some  of  which 
have  produced  truces  of  Compound  C. 


Tf  iho  material,  presumed  to  be  chlorosyl  fluoride,  were  present  os  a  com¬ 
plex  such  as  CsFoC10  and  liberated  by  r'rolysis,  metothetical  displacement 
by  Clr  might  avoid  possible  thermal  decomposition.  Three  displacement 
at  letup  is  were  not  successful: 


[CsFgCIO]  +  CIF^  - 1 - *.  CsC1F4  -  FC10 


Because  the  desired  FC10  may  be  strongly  complexed,  even  by  KF,  it  was 
decided  to  explore  tile  synthesis  of  FC10  from  fluorination  of  Cl^O  both 
in  the  presence  of  NaF  and  in  the  absence  of  any  alkali  metal  fluoride. 
Instead  of  producing  FC10,  however,  the  low-temperature  fluorination  of 
Clo0  in  both  cases  gave  good  yields  (described  elsewhere  in  this  report) 
of  C1F30. 


The  concomitant  presence  (or  absence)  of  C IF  suggested  synthesis  of  the 
unknown  and  C1F  by  a  simultaneous  degradation  of  Cs  ClF^O  and  Cs  CIF^ 
complexes,  Routine  f luorinations  of  t lie  Cl^thCsF  complex  to  CIF^O  and 


9.C12  ratios. 


Intentional  under!' luor ination  to 


CIF^  have  utilized  j\  1  F 
FC10  and  C1F  would  require  a  F^iCl^O  ratio  of  1:1  according  to  the 
equation: 


CsF-C120  ^  Fr)  - *.  FC10  -  ClF-CsF 
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The  "incomplete"  floor  innt  inn  at  -78  0  yielded  C1F_0  und 

i 

but  only  traces  of  the  unknown.  Apparently  once  the  Cl 
initially  attacked  by  ,  the  chlorine  was  oxidized  all 
and  CIF^. 


much  nnrencted  C 1  (J0 
r  O.CsF  oomplox  was 
the  way  to  CIF^Q 


Another  approach  to  the  synthesis  of  FC10  involves  reaction  of  CIF^O  with 
appropriate  reducing  agents.  These  might  include  ClgO,  Cl^,  and  C1F. 

With  the  reducing  agent  Cl^O,  FC10  could  arise  as  an  oxidation  product  as 
well  as  a  reduction  product: 


ClFjO  +  C120  .  »  2FC10  +  C1F 

A  series  of  reactions  between  Cl^O  and  both  CIF^O  and  its  CsF  complex  were 
run  in  varying  reactant  ratios  at  ambient  temperature  and  at  -18  C.  In  all 
cases  the  products  were  C1F  and  FC102  in  an  overall  reaction  best  described 
by: 

* 

C120  CsClF^O  - »  CsClF0  tCIFt  FC102 

It  is  possible  that  the  sequence  involves  formation  of  the  desired  FC10 
followed  by  its  disproportionation: 


C120  +  CsClF^O 


CsClFr 


2FC10" 


2FC10' 


FC10,. 


C1F 


If  the  intermediate  FC10  were  generated,  in  no  case  was  it  stabilized 
through  complex  formation  with  CsF,  With  Cl0  no  reaction  was  observed 
at  ambient  temperature  with  either  CIF^O  or  its  CsF  complex.  It  should 
be  noted  that  the  C1F  generated  during  the  Clg0  experiments  also  failed 
to  produce  FCIO  by  reaction  with  CIF^O. 
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From  the  initial  preparation  of  Compound  C  by  pyrolysis  of  a  solid  corn- 

n!  nv  i  t  vn«  *f-bnnrrli+  t  hot  Fr.  1 0  mi  irh+.  rpfttil  f.  -f  rom  mirnlvai  q  O’f*  0  r>  e  -i  ^ 

V.  ~  . -  ~  ^  ^  ...  .  B-l  ».  iV  *  -  -  J J  ^  *  TJ  ^  ^  ■** 

til o  following  equation: 

GIF  0  - — ►  FC10  -  F2 

Representative  results  of  experiments  where  Florox  at  low  pressure  was 

passed  through  a  Monel  tube  held  at  temperatures  from  300  to  585  C  are 

presented  in  Table  5.  As  seen  in  Table  5>  decomposition  of  CIF^O  does 
not  occur  to  a  largo  extent  under  these  flow  conditions  at  temperatures 
less  than  400  C.  Products  found  at  300  C  were  ClF^  and  possibly  FClOg. 

TABLE  5 


PYROLYSIS  OF  cif3o 


Temperature 

Percent 

Florox 

Recovered 

Condensible  Product 
Collected  at  -196  C 
(as  percent  of  Florox  passed) 

Products 

300 

Not 

Determined 

1.5 

C1F3,  FC102 

400 

99 

2 

C1F,  C1F3,  trace 
Compound^C 

450 

82 

16 

C1F 

500 

46 

54 

Clf 

300 

58 

62 

FC102,  C1F 

585 

0 

_ 

93 

C1F,  trace 
Compound  C 

At  400  C,  small  amounts  of  C1F  as  well  as  CIF^  were  found,  and  at  higher 
temperatures  C1F  was  the  main  product.  Two  reactions  yielded  traces  of 
the  unknown  material,  Compound  C.  Material  balances  agree  with  the 
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expected  evolution  of  one  molecule  of  GIF  (or  C1F,)  per  molecule  of  de¬ 
composed  CIF^O  according  to  the  overall  reaction. 


ClFjO - »C1F  +  F2  +  ^  02 


Possible  decomposition  routes  involve  either  of  the  following  pairs 


cif3o - *.cif3  +  j  o2 


|  C1F  - ►  CIF  +  F 

v.  J  £ 


C1F  o - *-fcio  +  F 

J  £ 


FC10  - »C1F  +  “  02 


No  evidence  is  available  to  elminate  either  of  these  possible  routes. 


Chlorine  fluoride  and  FClOg  have  frequently  been  found  as  products  in 
reactions  of  CIF^O.  The  compound  FC10  may  be  produced  in  these  reactions 
as  an  unstable  intermediate,  yielding  FC10o  and  C1F  according  to: 


2PC10 - ►  CIF  +  FC10o 

It  is  possible  that  the  free  energy  change  in  this  reaction  is  sufficiently 
small  that  increasing  the  partial  pressure  of  C1F  in  the  proposed  equilibrium 
would  result  in  FC10: 

2FC10^=^C1F  +  rcm 
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A  mixture  of  interhalogens  and  interhalogen  o.vvf luorides  collected  from 
many  previous  experiments  and  containing  large  amounts  of  GIF,  CIF^,  and 
FC10,,  was  partially  separated  by  fractional  condensation.  The  infrared 
spectrum  of  the  most  volatile  fraction  revealed  the  presence  of  C1F  as 
well  as  Compound  C.  Continued  fractionation  of  this  volatile  sample 
caused  a  decrease  in  the  Compound  C  peaks  as  FC10o  was  removed.  Readdi¬ 
tion  of  the  FC10o  to  the  mixture  caused  an  increase  in  the  Compound  C 
peaks . 

However,  a  series  of  experiments  to  confirm  this  proposed  equilibrium  by 
reacting  C1F  with  FCIO^  was  unsuccessful.  During  one  series  of  experi¬ 
ments,  successive  additions  of  FC1  to  FC10o  failed  to  show  the  unknown 
peaks.  Partial  pressures  of  C1F  of  from  200  to  1000  millimeters  were 
used  with  a  partial  pressure  of  FClOg  of  100  millimeters.  Further 
attempts  using  large  excesses  of  GIF  with  FClOg  have  not  reproduced  the 
unknown  peaks  at  either  ambient  temperature  or  200  C. 

Another  method  to  confirm  the  presence  of  the  elusive  FC10  would  be  the 
preparation  of  a  derivative .  If  FC10  is  present  even  at  a  very  low  pres¬ 
sure  in  equilibrium  with  C1F  and  FC10o,  addition  of  Fg  might  form  the 
derivative,  C1F.0: 

C1F  -  FC10o^— 2FC1 0 

FC10  -  F0 - -»C1F50 

This  wculd  both  help  to  confirm  the  presence  of  FC10  and  provide  a  new 
route  to  C1F,0  using  only  C1F,  FCIO^,  and  F0.  A  reaction  among  C1F, 
FCIO^,  and  Fg  at  ambient  temperature  produced  only  the  expected  undesired 
product  CIF^  while  a  reaction  at  -78  C  produced  no  new  products. 
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Reaction  of  Cl  f)  and  AgF, 

•J  n  1 . 

_ _  _  ~ _ _ w. 

The  fluorination  of  Cl^O  by  AgF^  has  boon  studied  as  a  possible  route  to 
FC10  and/or  CIF^O. 

C1Q0  *  2AgF0 - »FC10  -  2AgF  -  C1F 

C120  _  4AgFg - ►CIF^O  -  4AgF  +  ClF 

Silver  difluoride  vas  placed  in  a  Monel  reaction  tube  and  ClgO  was  passed 
through  it.  In  the  initial  reaction  with  the  AgF^  held  at  100  C.  the  Clo0 
reacted  completely  producing  Cl,,  (main  product)  and  FCIO^.  Because  a 
subsequent  flow  experiment  at  ambient  temperature  produced  the  same  results, 
static  experiments  at  -18  and  -78  C  were  conducted.  Again  only  Clrj  and 
FCIO^  were  found.  Thus,  Clo0  reacts  or  is  catalytically  decomposed  by 
AgFg  even  at  temperatures  as  low  as  -78  C  yielding  Cl^  and  0o  as  well  ns 
smaller  amounts  of  FC10o. 

ALKALI  METAL  FLUORIDE  -  Clo0  COMPLEXES 

The  alkali  metal  fluoride  complexes  of  Cl(J0  represent  a  new  class  of  com¬ 
pounds.  The  stoichiometry  and  structure  of  these  compounds  are  of  inter¬ 
est  not  only  because  of  their  unique  nature  hut  also  because  they  may 
provide  an  insight  into  the  paths  leading  to  the  formation  of  oxychlorine 
fluorides  upon  fluorination.  A  brief  investigation  of  the  potassium 
fluoride-chlorine  monoxide  system  and  a  more  thorough  investigation  of 
the  cesium  fluoride-chlorine  monoxide  system  was  undertaken  to  determine 
the  stoichiometry  and  stability  of  the  complexes.  The  potassium  fluoride 
complex  formed  slowly  at  -78  C  and  was  not  stable  at  -4j  C.  The  formation 
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of  the  CaF-f'1,,0  complex  occurred  in  ns  little  ns  6  hours  at  -78  C  (as 
determined  by  disappearance  of  Clo0  color)  with  excess  amounts  of  CsF. 

At  -23  C,  Clo0  vapor  in  contact  with  excess  CsF  was  only  one-third  com- 
ploxed  after  11  hours.  This  observation  vaa  attributed  to  enhanced 
solid/liquid  contact,  at  -78  C.  To  investigate  the  stoichiometry  of  the 
complex  formed  at  -78  C,  large  excesses  of  Clo0  were  stored  over  CsF  for 
several  days  followed  by  overnight  pumping  at  -78  C  to  remove  the  uncom- 
plexed  Clo0,  Experimental  Clo0/CsF  ratios  of  1.32,  0.82,  0.25,  lo,  1*42, 
1.48,  and  1.54  were  obtained.  During  another  run  after  the  usual  over¬ 
night  pumping  to  remove  excess  Cl^O,  an  additional  3-l/2  days  of  pumping 
removed  only  0.17  Cl^O/CsF.  The  complex  was  then  warmed  to  room  tempera¬ 
ture  evolving  1.49  Cl„o/CsF.  The  pressure  of  Cl^O  above  such  complexes 
was  less  than  4  millimeters  at  -23  C. 

It  is  apparent  that  a  slow  forming  complex  with  a  Cl^o/CsF  ratio  at  or 
near  1.3  is  formed  at  -78  C.  A  sample  of  the  complexes  was  exposed  to 
the  air,  hit  with  a  hammer,  and  heated  with  a  torcli  with  no  explosive 
results . 

The  nature  of  the  complexes  formed  from  Cl^O  and  CsF  are  still  not  under¬ 
stood  as  to  bonding  features,  Decause  the  most  stable  complex,  as  evi¬ 
denced  by  relative  dissociation  temperatures,  has  an  appreciable  dissoci¬ 
ation  pressure  at  0  C,  it  would  appear  that  the  bonding  involved  is  rather 
weak.  The  bonds  may  involve  an  acid-base  interaction  through  fluorine 
"bridges . 11 

F“*  *  ■  C10C1 

However,  the  reproducible  stoichiometry  of  CsF'l.jClgO  may  suggest  com¬ 
plex  structures  involving  both  dative  FC1  bonds  and  Cl-Cl  bonds.  The 
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C1F  bonds  would  arise  from  t. lie  ac.id-lmsp  reaction  of  F  and  Cl  0  as 
shown  in  (a)  : 

(a)  F  -  Cl  -  0  -  Cl 

Two  anions  represented  by  (a)  may  bo  interacting  with  1  mole  of  Cl^O  to 
give  the  following  resonance  structures  (all  being  doubly  charged): 


Cl  -  0  -  Cl 

F  -  Cl  -  0  -  Cl 

1 

I 

Cl  -  0  -  Cl 

1 

Cl  -  0  -  Cl 

1 

Cl  -  0  -•  Cl  -  F 

1 

_  Cl  -  0  -  Cl  -  F 

:  | 

F  -  Cl  -  0  -  f 

ii  "  P  - 

n  -  o  -  ci  " 

1  | 

_  !l  -  o  -  r 

1  l 

11  -  0  -  Cl  3 

I  i 

Cl  -  0  -  c 

:l  -  F  _ 

1  I 

;1  -  0  -  Cl  -  F  j 

as  well  as  others  with  the  same  atomic  positions. 

The  hybrid  structure  :  ! 

may  well  be  a  ladder  structure  such  as  (b): 

5" 

6 

(b)  F  -  Cl 

-  0  -  Cl 

6  Cl 

-  c  -  di6 

l 

Cl 

-  0  -  Cl  -  F 

IT 

5~ 

j 

In  the  absence  of  the  composition  (CsF^ClgO  it  would  not  appear  that 

the  structure  (c)  is  important  despite  the  higher  symmetry.  As  yet,  no 

(c)  F  Cl 

-  0  -  Cl  F 
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measurements ,  other  than  dissociation  pressure,  have  been  made  on  the 
C 1 o0  complexes.  The  absence  of  a  suitable  solvent  has  made  infrared 

*•  19  35 

examination  of  little  help  thus  far.  Broad  line  F  and  Cl  spectroscopy 
may  yield  qualitative  data  regarding  bond  type. 


ATTEMPTED  SYNTHESIS  OF  OXYCHLORIXE  PENTAFLU0R1DE 

Attempts  have  been  made  to  react  fluorine  with  CIF^O  to  synthesize  C1F_0 
both  in  the  presence  and  absence  of  CsF.  In  a  series  of  consecutive 
reactions  using  only  CIF^O  and  fluorine  in  a  Monel  reactor,  five  runs 
from  70  to  284  C  yielded  no  new  species.  By  analogy  with  the  fluorina- 

-i  •  -  - 

tion  of  Ca  CIF^O  would  be  expected  to  provide  a  more  suitable  route  to 

C1F-0. 

3 


Cs+C1F,  0“  +  F„ - **CsF  +  C1F_0 

4  2  0 

Experiments  with  increasingly  vigorous  conditions  of  temperature  and 
pressure  have  not  resulted  in  C1F-0  or  any  other  new  compound.  Conditions 
used  were  750  psi  at  50  C,  850  psi  at  100  C,  and  1200  psi  at  160  C  for 
a  period  of  16  hours  or  more.  The  CIF^O  was  recovered  essentially 
unchanged  from  the  Monel  reactor  in  each  case. 

Another  possible  route  to  C1F-0  is  the  direct  fluorination  of  C1F..0  by 

3  3  J 

KrF0  (Ref.  8)  at  1  ow  temperatures.  The  possible  utility  of  this  reaction 
is  indicated  by  the  recent  report  of  the  preparation  of  C1F_  from  CIF^ 
and  KrF^  (Ref.  9). 

C1F,  -  KrF0 - ^C1F_  +  Kr 

3  2  5 

C1F_0  *  KrFn — — ►C1F.0  +  Kr 
3  2  3 
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flood  mix  inn  °f  the  reactants  can  only  bo  achieved  at  temperatures  above 
-65  C,  the  melting  point  of  C1F,<>.  In  three  reactions,  the  materials  were 
allowed  to  warm  up  together  from  that  temperature  to  ambient  temperature 
over  several  hours.  No  evidence  was  found,  however,  for  the  formation  of 
any  new  materials.  The  KrFt)  underwent  smooth  thermal  decomposition  to  Kr 
and  F, , ,  and  some  C1F,  contaminant  was  partially  converted  to  ClF*.;  the 
C1F-0  was  recovered  quantitatively. 


3 


A  NEW  SYNTHESIS  OF  Clo0 

Because  of  the  increased  requirements  for  ClgO  as  an  intermediate  in  sev¬ 
eral  preparations  essential  to  this  work,  an  improved  synthetic  route  was 
desired.  The  presently  accepted,  and  indeed  the  only  proved  method  of 
preparing  Clo0  is  via  the  ambient  temperature  flow  reaction  of  nitrogen- 
diluted  chlorine  and  freshly  prepared  yellow  HgO  (lief.  10).  This  procedure 
is  rather  tedious  and  generally  gives  85-percent  C120  (ly-percent  Cl0)  with 
60-  to  70-percent  conversion  of  the  HgO  according  to  the  following  reported 
reaction . 


HHgO  -  2C12 - »Clo0  -  ILg0-ligClo 

It  has  been  found  that  the  static  reaction  of  IlgO  and  Cl0  at  -80  C,  using 
cither  the  above  stoichiometry  or  excess  HgO,  produces  high-pur i i y  01, ,0 
in  good  yield  with  minimal  effort.  Furthermore,  it  has  been  established 
that  under  these  conditions  at  least,  the  stoichiometry  of  the  reaction 
approaches : 

IlgO  -  2C1  2 - *-Cl20  +  IlgCl2 

when  the  Cl^IIgO  ratio  exceeds  2:1.  The  results  from  some  representative 
preparations  are  presented  in  Tables  6  am  7.  The  01o0  yields  are  for 
purified  material  after  removal  of  the  C1Q  impurity. 
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TABLE  G 

CONVERSION  OF  Cl0  TO  Clo0  BASED  ON 
2IlgO  +  2C1_  =  C1„0  +  HgO • HgCl , 

(HgO  in  excess) 


r 

HgO : C 1 Q , 
mole  ratio 

HgO, 

millimoles 

ci2, 

millimoles 

C120  Yield, 
percent 

1 

!  1:1 

9.1 

9.06 

100 

1.08:1 

281.6 

260.8 

79 

1.5:1 

127.4 

84.3 

79 

i  2:1 

18.2 

9.06 

77 

2: 1 

18.7 

9.33 

80 

I _ iL1 _ 

37.4  _ 

9.33 

70 

T.ABLE  “ 


CONVERSION  OF  HgO  TO  Cl^O  BASED  ON 
HgO  -  2C12  =  C120  T  HgCl2 

(Cl0  in  excess) 


HgO, 

mill  imoles 

ci2o, 

mill imoles 

C120  Yield, 
percent 

169 

119 

70.4 

1  229 

129 

56.3  ! 

!  o-7 

223 

00 

H 

ro 

233 

187 

80.2 

!  193 

184 

95.5 
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Thus,  the  technique  using  excess  chlorine  gave  maximum  utilization  of  the 
HgO  and  achieved  nearly  quantitative  conversion  of  the  oxygen  of  HgO  to 
Clo0,  Other  pertinent  advantages  of  this  method  wore  ;ts  simplicity  and 
safer  handling  for  gross  quantities  of  the  explosive  Cl^O.  Because  the 
dispersed  Clo0  was  drawn  off  as  required  from  the  mercury  salt-Cl^O 
reactor,  the  need  to  handle  large  volumes  of  liquid  Clo0  was  eliminated. 

The  exact  mechanism  by  which  Clo0  is  formed  from  HgO  and  Cl^  is  not  com¬ 
pletely  understood,  It  is  known,  however,  that  Clo0  was  not  all  present 
as  free  material  when  in  contact  with  the  mercury  salts  at  -80  C.  This 
was  demons! rated  by  the  lover  vapor  pressure  (2  millimeters)  exhibited 
under  these  conditions  than  that  shown  by  pure  ClgO  (6  to  8  millimeters). 
Moreover,  it  was  not  possible  to  remove  all  the  Clo0  by  pumping  on  the 
mixture  at  -80  C.  Only  50  to  60  percent  was  evolved  at  that  temperature, 
the  remainder  being  obtained  on  wanning  the  reactor  to  ambient  temperature 

X-ray  powder  analysis  of  the  solid  product  formed  by  this  reaction  using 
excess  C1Q  allowed  only  lines  corresponding  to  HgCl0,  Although  the  possi¬ 
bility  of  amorphous  or  isomorphous  mercury  compounds  exists,  apparently 
the  only  important  reaction  under  these  conditions  yields  HgCl0. 

The  possibility  of  a  complex  between  IIgCl0  and  Cl^O  was  investigated  but 
no  reproducible  complex  formation  or  reaction  was  found.  The  unusual 
behavior  of  the  solid  product  observed  (i,e.,  turning  brown  and  evolving 
small  amounts  of  C1Q)  may  be  attributed  to  products  formed  in  amounts 
too  small  to  be  observed  by  simple  X-ray  powder  analysis. 
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FLUOR  INAT I  ON  OF  Br-O-X  COMPOUNDS 

The  synthesis  of  oxybromine  fluorides  was  attempted  using  Br^O  and  BrONO^. 
This  work  was  baaed  on  the  analogous,  proven  Cl  0  and  CIONO-  reactions 

im  *- 

which  yielded  Florox.  Fluorination  of  alkali  fluoride  complexed  BrgO  at 
-30  C  gave  as  volatile  products,  BrF*,  unreacted  BrQ0,  and  traces  of 
unstable,  unidentified  material,  While  it  was  anticipated  that  the  sought 
Br,  F,  0  compounds  might  remain  as  complexed  solids  after  the  fluorination, 
pyrolysis  up  to  ~  400  C  did  not  yield  any  new  products.  The  failure  of 
this  reaction  may  bo  caused  by  the  inherent  instability  of  the  starting 
material  or  thermal  degradation  of  the  desired  products  upon  pyrolysis. 

Bromine  nitrate  (Ref.  11 )  offers  two  possible  advantages  over  Br  0  as  an 
intermediate  in  the  proposed  synthesis  of  oxvbromine  fluorides.  It  is 
reported  to  be  more  stable  than  Bro0,  decomposing  near  0  C  vs  approximately 
-40  C  for  Bro0  (l)ef.  12).  Also,  based  on  the  high  yields  of  Florox 
obtained  by  fluorination  of  uncomplexed  C10N0o,  the  analogous  application 
of  Br0\'0o  can  be  expected  to  give  similar  results  while  eliminating  the 
necessity  of  complexirg  the  desirable  products. 

The  synthesis  of  Br0N'0o  was  conducted  according  to  the  reported  procedure 
(Ref.  11). 

Br2  -  C1Q - ^2BrCl 

BrCl  -  C1N0„- - s-BrNO,  +  Cl- 

3  3  2 

Yields  were  very  low  and  in  fact,  usually  zero.  Because  of  the  sketchy 
characterization  of  this  material  in  the  literature,  no  direct  evidence 
for  its  presence  (i.e.,  infrared  spectrum  or  melting  point)  was  sought 
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on  the  small  amounts  thought  to  have  boon  formed  by  this  reaction.  JIov- 
ever,  f luorinations  yielded  no  nev  material  and  the  actual  presence  of 
BrKO^  was  suspect.  Bromine  pentaf luoride  was  the  only  Br-containing 
material  observed. 

A  new  route  to  BrS'O^  was  derived  which  involves  the  reaction  of  HNO^  and 
BrFj.  or  BrF^.  This  reaction  produced  a  colorless  liquid  which  decomposed 
slowly  at  room  temperature.  Thus  it  was  possible  to  obtain  an  infrared 
spectrum  of  the  material  and  observe  its  %'apor-phase  decomposition.  The 
reported  0  C  decomposition  is  as  follows; 

SBrQNOg - *Br2  *  02  -  2N'02 

However,  this  vapor  sample  was  observed  to  decompose  according  to  the 
following  stoichiometry. 

2Br0N0  - •*Brr>  t  1/2  O0  -  X  0, 

Approximately  50-percent  decomposition  occurred  in  15  hours  at  ambient 
temperature.  The  infrared  spectrum  of  the  crude  material  showed  strong 
absorptions  at  5.9,  7.75,  and  12.5  microns,  representing  reasonable 
shifts  from  the  infrared  bands  of  the  analogous  FNO^  and  ClN'O,  compounds. 
(The  infrared  spectrum  of  BrNO^  lias  not  been  reported  in  the  literature.) 
Fluorination  at  -80  C  resulted  in  no  reaction,  the  BrNO^  being  recovered. 
This  may  have  been  caused  by  too  low  a  temperature  or  the  inhibiting 
effect  of  impurities  present  (HN'0_,  N^O.,  FN'O,,) .  Reactions  at  higher 
temperatures  are  proceeding  with  efforts  to  purify  the  BrONO^ 
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REACTION'  OF  AsF-  AND  Cln0 
1)  2 

As  part  ol’  the  effort  to  examine-  various  single  bonded  Cl-0  species  as 
possible  precursors  to  oxyclilorine  fluorides,  an  investigation  of  t ho 
reported  compound,  CIO -AaF.  (Ref.  13)  vas  initiated.  The  reactions 
reported  in  the  literature,  together  vith  the  proposed  f luorinations , 
are  as  follows: 

Cl.O  -  AsF_  ^°  .C.*.Clr,0-AsF- 

2  3  2  o 

Cln0*AsF-  . r-iQ.,-0^  1/2  ci.  -  C10*AsF_ 

2  3  2  3 

CIO *AsF_  f  Fn  -T '<►  FCIO/CIF.,0  -  AaF. 

3  2  3  3 

At  the  outset  of  this  work  it  was  noted  that  there  is  a  literature  dis¬ 
crepancy  with  regard  to  the  infrared  spectrum  of  AsF^.  Samples  of  AsF_ 
(Ozark-Mahoning)  gave  an  infrared  spectrum  nearly  identical  with  that 
reti-rted  for  "AsOF_" ,  rather  than  AsF_  (Ref.  14).  But  these  vendor 
samples  also  gave  the  same  infrared  spectrum  as  that  obtained  for  AsF,. 
according  to  the  unpublished  thesis  of  L.  K.  .Akers  (Ref.  I3).  To  estab- 
iisli  the  character  of  the  supplied  material,  a  vapor  phase  molecular 
weight  determination  was  made.  This  gave  a  value  of  169-7  gram/mole  vs 

109.9  for  AsF_  and  147.9  for  AsOF_.  The  mass  spectrum  of  the  material 
3  3 

shewed  it  to  be  90-percent  AsF_  with  approximately  10-percent  As,  0,  and 
F  species.  Because  a  vapor-phase  chromatogram  showed  only  one  component, 
it  appears  the  sample  was  pure  AsF_.  The  As,  0,  and  F  impurities 
undoubtedly  arose  through  reactions  of  the  AsF_  with  an  incompletely  dry 
glass  inlet  system  of  the  mass  spectrometer,  because  HF  and  SiF^  were 
also  found  in  the  mass  spectrum. 
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Thus  i  tile  infrared  spectrum  reported  by  Akers  is  eurrccl.  Mi  Ira 'a  spec— 
trum  for  "AaOF^"  (Ref.  14)  consists  of  AsF_  and  the  background  produced 

on  NuCl  infrared  cell  vindows  after  contact  with  AsF_.  Finally.  Mitra's 

3 

infrared  spectrum  for  AsF_  is  identical  in  all  respects  with  this  window 
background  band  only  (703  cm  ).  This  was  shown  experimentally  and  it  is 
probable  that  this  band  is  attributable  to  an  AsiV  species.  For  example, 

4-  _  .  .  “  al  __  1 

K  AsF^  salt  (Ref.  16)  has  its  strong  hand  at  694  cm  vs  the  703  cm 
observed  for  this  peak. 


The  reaction  of  ClgO  and  AsF_  when  examined  at  -80  C  did  not  proceed  as 
indicated  in  the  literature  (Ref.  13).  Mixing  the  two  reactants  at  -196  C 
and  warming  to  -80  C  resulted  in  the  formation  of  a  dark  red  solid,  which, 
over  a  period  of  several  hours  became  almost  black.  Pumping  on  the  solid 
at  this  point  resulted  in  the  evolution  of  much  Clg  (with  little  or  no 
-196  C  noncondensibles  observed). 


This  Cl0  represents  more  than  half  that  in  the  original  C190.  Further 
warming  to  ambient  temperature  caused  additional  evolution  of  small  amounts 
of  Clg  and  ClOf).  When  excess  C1Q0  was  used,  no  AsF_  was  recovered  in  the 
volatile  phase.  Remaining  at  room  temperature  was  a  white  solid  which 
exhibited  two  infrared  active  bands  at  7-9  and  14.6  microns,  regions 
characteristic  of  C1=0  and  As— F  absorptions.  The  solid  fumed  in  moist 
air  and  exploded  on  contact  with  acid  KI .  Fluorination  of  the  reaction 
mixture  from  which  only  part  of  the  Clg  was  removed  gave  the  same  white 
solid  product  on  workup.  When  heated,  the  solid  liberated  CIO  and  AsF_. 
Present  evidence,  therefore,  indicates  that  the  material  is  probably 

4-  _ 

ClOg'AsF-  or  ClOg  AsFg  .  The  latter  appears  most  likely,  especially  in 
view  of  recent  findings  in  somewhat  related  systems  wherein  redox  of  the 
oxygenated  species  occurs  on  reaction  with  fluorinated  complexing  agents 
(Ref.  17  and  18). 


R-6641 


CONFIDENTIAL 


31 


HOCK  E'T* 30%^  1^1  K2 


CONFIDENTIAL 


3NgOA  -  8DF.  — ■»  m,BF;i  +  3N0BF,,  - 

3N„04  i  12  AbF  — *>  7K0oBF4  -  5N0BF4  +  As2<3_ 

A  similar  reaction  in  this  system  might  be: 

25Clo0  +  12AsF_  - — 20  Clg  *  10  ClO^AsFg"  +  AsgO. 

This  could  account  for  the  high  Cl,,  gas  values  observed,  tho  oxidizing 
nature  of  the  solid  and  its  simple  infrared  spectrum  and  thermal  decompo¬ 
sition.  The  alternate  synthesis  using  FC10o  and  AsF_  will  be  carried  out 
in  an  attempt  to  prove  the  identity  of  the  solid. 

To  ascertain  tho  generality  of  the  Clo0  reaction  with  Group  V  fluorides, 

MF_  compounds  such  as  PF_  were  examined.  It  was  found  that  only  a  vealc 

interaction  occurred.  The  Cl,,0  gradually  decomposed  to  CIO^  and  C1Q,  and 

some’  of  the  PF_  was  converted  to  POF, .  N'n  new  materials  were  obtained. 

’A  3 
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EXPERIMENTAL.  DETAILS 


SYNTHESIS  OF  FLOROX 
Fluorination  of  C 1 o0 


Oxychlorine  trifluoride,  ClF^O,  wag  synthesized  by  fluorination  of  ClgO 
at  -80  C  in  the  presence  and  absence  of  added  alkali  metal  fluoride.  Suc¬ 
cessful  synthetic  runs  were  also  carried  out  at  -45 »  -22,  and  0  C.  In 
most  cases  the  reaction  was  conducted  in  a  300-milliliter  stainless-steel 
cylinder  previously  passivated  by  exposure  to  a  minimum  of  1  atmosphere 
of  fluorine  for  a  period  of  at  least  16  hours.  Chlorine  monoxide  and 
fluorine  were  introduced  into  the  reactor  by  distillation  in  vacuo  and 
allowed  to  react  for  several  days  to  several  weeks.  Separation  of  the 
CIF^O  product  from  side  products  was  achieved  in  all  cases  by  fractional 
condensation.  Excess  fluorine  and  any  oxygen  produced  passed  -196  C.  The 
next  most  volatile  side  products  were  FClOg,  C1F,  and  Cl^  and  wore  removed 
by  passage  through  a  cold  trap  at  -95  C  with  the  CIF^O  being  retained. 
Chlorine  trifluoride  was  partially  retained  at  -95  C;  therefore,  removal 
of  C1F7  was  achieved  by  repeated  passage  through  a  trap  held  at  -80  C, 
with  some  loss  of  CIF^O.  In  preparations  using  CsF,  RbF,  and  possibly 
KF,  pyrolysis  of  the  nonvolatile  solid  complex  yielded  additional  CIF^O. 


Fluorination  of  CIN'O^ 

Preparation  of  Florox  from  CINO^  was  accomplished  in  much  the  same  manner 
as  that  using  Cl^O.  Coraplexing  where  CsF  was  present,  however,  could  he 
conducted  at  either  -80  or  -18  C.  Kork-up  of  the  product  was  hv  the 
identical  procedure  stated  previously. 
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Fluorinntion  of  Mercury  Salt-Cl^O  Complexes 


Yellow  UgO  and  Cl0  wore  nl lowed  to  ronet  and  complex  at  -80  C  for  1  day 
or  longer.  Fluorine  was  then  added  at  -190  C  and  the  reaction  was  then 
allowed  to  proceed  at  -80  C  for  several  days.  Vacuum  fractionation  was 
then  ucod  to  isolate  the  products  which  were  mostly  C1F-  and  FC10o  with 

J  «■< 

some  C1F».  Oxychlorino  trifluoride  when  found  was  in  low  percentage 
yields  and  occasionally  also  some  of  the  suspected  FC10  was  obtained. 


Electric  Discharge  Fluorinntion  of  C1„0 

Solid  Clr)0  was  frozen  at  -190  C  near  the  bottom  of  a  U-shaped  discharge 

t-t 

tube.  During  discharge,  F0  was  circulated  in  a  closed-loop  system  (Ref.  8) 
at  20-millimeter  pressure  until  5  mole/mole  of  C^O  was  consumed.  Product 
worlc-up  was  by  fractional  condensation  techniques,  as  described  previously. 
The  amount  of  CIF^O  obtained  was  of  the  order  of  1  to  2  percent. 

The  CIF^O  used  for  tile  vapor  pressure-temperature  measurement?  (Table  8  ) 
was  purified  by  repeated  fractional  condensations.  The  material  was  water- 
white  and  free  of  any  impurities  detectable  by  infrared  spectroscopy  run 
at  high  pressures.  Approximately  300  cc  of  gaseous  CIF^O  were  utilized 
for  the  measurements  which  wore  conducted  in  a  71-cc  v< lumo  apparatus. 

This  was  constructed  entirely  of  stainless  steel  and  incorporated  a 
stainless-stool  Bourdon  tube  pressure  gage. 


Filtering  tion  of  Sodium  Chlorite 


Throe  grams  of  sodium  chlorite  (Matheson,  Coleman,  and  Bell)  were  added  to 
a  300-millilitcr  stainless-steel  bomb.  One  liter  of  fluorine  was  added 
by  condensation  in  vacuo  at  -196  C.  The  bomb  was  then  allowed  to  warm  to 
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ambient  temperature.  Products  after  66  houra  at  ambient  vere  CIF^,  C 1 ^ , 
C1F,  much  smaller  amounta  of  Compound  C,  and  possible  traces  of  CIF^O. 

Another  run  was  made  by  adding  an  additional  10  grams  of  NaClO^  to  the 
bomb.  Tvo  liters  of  fluorine  was  added  at  -196  C,  and  the  bomb  was  warmed 
to  -80  C  for  16  hours.  Volatile  products  were  Clg*  FC10o,  and  ClF.^0. 
Pyrolysis  of  the  solids  remaining  in  the  bomb  produced  no  additional 
materials . 

Additional  reactions  using  both  gaseous  Fg  at  ambient  temperature  and 
-80  C, and  liquid  F0  initially  condensed  at  -196  C  and  subsequently  warmed, 
produced  no  additional  CIF^O  or  Compound  C. 

PREPARATION'  OF  CIgO 

Yellow  HgO  was  freshly  prepared  by  the  reaction  of  mercuric  chloride  and 
sodium  hydroxide  solutions.  After  drying  and  powdering,  HgO  was  loaded 
into  small  glass  ampoules  together  with  appropriate  amounts  of  chlorine. 
The  closed,  evacuated  ampoule  vas  kept  at  Dry  Ice  temperature  at  least 
overnight,  although  longer  reaction  periods  were  beneficial  rather  than 
detrimental  to  Clo0  formation.  Very  pure  Cl^O  was  obtained  if  HgO  was 
in  excess,  while  better  utilization  of  the  oxygen  of  HgO  was  achieved  if 
chlorine  was  in  excess.  Impure  Clo0  was  upgraded  by  trap-to-trap  distil¬ 
lation  using  carbon  disulfide  slush  (-112  C)  and  liquid  nitrogen  baths. 

The  purity  and  identity  of  the  product  was  established  by  its  infrared 
spectrum  (Ref.  IQ),  vapor-phase  chromatography  and  vapor  pressure. 

With  the  earlier  dynamic  method  it  was  necessary  to  use  freshly  prepared 
yellow  HgO.  However,  it  was  detenained  that  the  static  method  is  effici¬ 
ent  enough  to  permit  the  use  of  commercial  yellow  HgO.  While  the  yields 
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of  Clo0  are  not  quite  as  high  as  those  achieved  with  the  fresh  HgO,  they 
are  nevertheless  quite  good;  i.e.,  90-  to  97-porcont  Cl^O  using  either 
1:1  or  2:1  HgO  to  Cl^  mole  ratios.  This  compares  to  93*  percent  with 
fresh  HgO.  Using  the  flow  technique,  the  commercial  material  produces 
only  a  20-  to  25-porcent  conversion  of  the  Cl^  to  Cl^O.  Therefore,  if 
desired,  the  preparation  of  fresh  HgO  may  be  avoided  with  only  minimal 
loss  of  efficiency  in  the  conversion  using  the  static  technique. 


PREPARATION'  OF  C1N0- 

Chlorine  nitrate  was  prepared  by  allowing  roughly  equimolar  quantities 
of  Clo0  and  No0^  or  \'o0_  to  react  in  evacuated  glass  ampoules  at  -80  C 
overnight  or  longer.  Residual  Cl^O  indicated  by  its  red  color  was  con¬ 
sumed  by  allowing  the  reaction  to  proceed  briefly  in  the  vacuum  line  at 
ambient  temperature.  The  C1N0-  produced  was  purified  by  vacuum  fraction¬ 
ation  and  identified  by  its  infrared  spectrum  (Rof.  20)  and  vapor  pressure 
(Ref.  21). 

LOV-T EMPERAT URE  INFRARED  CELL 

The  low-temperature  infrared  experiments  wore  determined  in  a  simple, 
infrared  cell  which  was  constructed  as  described  elsewhere  (Ref.  l). 

The  completed  assembled  cell  fits  conveniently  into  a  Perk in- Elmer  137 
Infracord  spectrometer  and  has  a  coolant  capacity  of  2  liters.  It  can 
be  used  at  temperatures  as  low  as  77  K  and  is  relatively  easy  to  use  with 
slush  baths  because  the  cooling  flask  is  insulated  with  3-inch  solid 
foam.  The  inner  window  of  AgCl  fits  into  a  copper  optical  blank  holder. 
The  body  is  glass  and  is  fitted  with  two  outside  AgCl  windows. 
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Flora*  rnmplpxpa  were  preformed  in  a  mernl  vacuum  line  and  condensed  ante 
the  inner  AgCi  window  at  -1%  C  uy  mean?  of  a  copper  entrance  tube  directed 
at  :tu’  window. 

Dissociation  pressure-temperature  data  for  FNO-CIF^O  and  SiF,(-2ClF.O  are 
presented  in  Tables  9  and  10  . 


TABLE  9 

DISSOCIATION  PRESSURE-TEMPERATURE  DATA  FOR  rtiO-ClF-O 
(Equation:  loffjg  p(®»)  -  8.47  -  *625/t) 


Observed  Pressure, 
mill imeters 

Temperature , 

K 

435 

278.6 

340 

Cl 

CJ 

i  97 

250.1 

ro 

1 _ 

228.1 

TABLE  10 

DISSOCIATION  PRES  S  URE- T EMPEHAT URE  DATA  FOR  SiF,  -2C1F-0 

4  3 

(Equation:  loft  l'(™m)  -  7.73  -  1545  T) 


1  Observed  Pressure, 

!  m i 1 1 i me  ters 

1 

Temperature , 

K 

!  540 

i 

i 

296.0 

|  1 38 

278.6 

1  30 

273.2 

_ . 

l. 

250.1 
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PREPARATION'  OF  KrF0 

Krypton  difluoride  was  prepared  by  circulating  an  approximately  1:1  molar 
mixture  of  Kr  and  through  an  electric  discharge  reactor  cooled  to 
-196  C.  The  apparatus  and  technique  are  nearly  the  same  as  that  reported 
in  the  literature  (Ref.  8).  Changing  the  temperature  of  the  discharge 
tube  to  -80  C  resulted  in  no  reaction. 


PREPARATION  OF  BrNO^ 

Bromine  nitrate  was  prepared  by  allowing  excess  anhydrous  HNO^  and  either 

BrF_  or  DrF,  to  react  in  a  Teflon  container  under  vacuum  at  0  C.  Partial 
o  3 

purification  was  achieved  through  fractional  condensations  at  0,  -43)  -80, 
and  -196  C.  Pure  BrNO^  was  not  obtained  but  the  presence  of  the  desired 
material  was  determined  by  infrared  spectra  of  crude  samples.  The  decom¬ 
position  products  formed  at  ambient  temperature  confirmed  the  presence 
of  a  bromine  nitrate  species. 


REACTION  OF  Clo0  and  AsF. 

2  i 

The  interaction  of  these  materials  was  conducted  in  Teflon-metal  containers. 
A  slower  reaction  with  less  side  products  was  noted  at  -80  C,  but  even  at 
-63  C  the  basic  course  of  the  reaction  remained  unchanged.  For  approxi¬ 
mately  2:1  mixtures  of  Cl  0  and  AsF_,  the  Cl9  liberated  was  generally  of 
the  order  of  80  percent  of  that  contained  in  the  Cl^O  used.  Chlorine  was 
identified  by  its  vapor  pressure,  vapor-phase  chromatography,  and  its 
lack  of  infrared  absorptions.  The  small  amounts  of  C10^  formed  were 
identified  by  infrared  examination. 
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